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The invention relates to a substrate provided 
witli a polyerystalline diamond layer. 

Diamond is an interesting material which, owing 
5 to its excellent characteristics, can be used for many 
different purposes. Firstly, owing to its extreme 
hardness, it is used in abrasion tools; secondly, its 
particularly good thermal conductivity in conjunction 
with a high electrical resistance is utilized for 

10 dissipating heat from electronic consonants. 

Diamond for the last -mentioned application is 
usually prepared by a polyerystalline diamond layer being 
deposited on a substrate, e.g. with the aid of PVD or CVD 
processes (Physical or C3iemical Vapour Deposition) . 

15 In these deposition processes the diamond layer 

builds up by a very large number of small crystals being 
initially formed directly on the substrate surface and 
then growing together to produce a small ntuciber of large 
crystals in the subsequent growth process. 

20 As it happens, measures are known for enabling 

the formation of as many crystals as possible, i.e. 
increasing the grain density on the substrate. As a 
result, the individual crystals will grow together more 
rapidly, so that the actual layer growth can start sooner 

25 and the entire growth process can^thus be accelerated. 

While these measures allow the thermal 
conductivity of the diamond layer as a whole to be 
in^roved, it is still not particularly satisfactory, for 
example in view of the high packing density of electronic 

30 cooxponents, in particular power coxsponents . 

It is therefore an object of the invention to 
propose a sub«tr?te provided with a polycrystal lioe 
diamond layer which has particularly good thermal 
conductivity. 

35 Another object of the invention is to specify a 

stibstrate of the abovementioned type, which exhibits, good 
heat transfer from the substrate to the diamond layer. 

Yet another object of the invention is to specify . ' 
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a substrate of th type mention d at th outset, which 
can be prepared in a readily reproducible manner £rom 
various materials. 

Furthermore it is an object of the invention to 
5 specify a substrate of the abovementioned type, in which 
the structure of the diamond layer can be modified in a 
simple manner. 

This is achieved according to the invention by 
the substrate comprising: a metal such as e.g. W, Mo, Cu 

10 or the like or an alloy from these metals or a composite 
material formed from these metals and/or their cosipotmds, 
examples of such a composite material being a W-Cu or a 
W-Ag con^osite material or an MMC (metal*matrix- 
composite) material, in particular one whose infiltration 

15 metal is Cu or one which has been reinforced by carbon 
fibres, or by the substrate being formed by a ceramic 
such as e.g. SiC, Sx^^^, AI2O3, AIN or the like, and by at 
least 75% of the interface substrate/diamond being 
covered by diamond crystals which have a contact area 

20 substrate/diamond of s 20 pot?. 

As a result, only relatively few grain boundaries 
are able to form directly on the substrate surface, so 
that good thermal conductivity Is achieved even within 
that region of the diamond layer which directly adjoins 

25 the substrate surface. The substrate materials specified 
have good thermal conductivity per se to start with, on 
the one hand, and are well « suited for being coated with 
diamond, on the other hand, so that they are suitable for 
being made into very good heat dissipation means for 

30 electronic components. 

A further purpose of the invention is to specify 
a method for preparing a stibstrate provided with a 
polycrystalline diamond layer of the abovementioned type. 

This is achieved, according to the invention, by 

35 the substrate surface being treated and by the diamond 
layer then being deposited on the substrate from the gas 
phase, e.g. by a CVD process such as hot-filament CVD or 
plasma CVD such as e.g. microwave CVD, plasxaa jet or the 
like or by a PVD process. 
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Tliis procedxire allows a diamond layer having the 
said characteristics to be deposit d with good reproduc- 
ibility on various substrates. 

As a fxxrther feature of the invention, if a 
5 carbon- or carbide -reinforced MMC material is used as a 
substrate, the surface of the said MMC material zaay be 
covered with a covering metal layer, the metal layer 
preferably being formed from the infiltration metal 
itself. 

10 It is thus possible, even with MMC substrates 

formed from two different materials (namely reinforcing 
material and infiltration metal) , to achieve a 
homogeneous surface and thus growth thereon which is 
homogeneous across the said surface. 

15 A preferred embodiment of the invention may 

consist in the substrate being treated by a chemical 
etching process. 

Thus the substrate surface can be treated 
particularly effectively and to a precisely definable 

2 0 extent . 

A particularly preferred embodiment of the 
invention may consist in the chemical etching process 
being carried out involving the use of an acid or an 
alkali. 

25 With the aid of one of these two media, the 

surface quality required for the growth of diamond 
crystals having an average contact area s 20 far? at the 
interface substrate/diamond can be achieved with high 
accuracy and good reproducibility. 

30 A further refinement of the invention may provide 

for the chemical etching process to be carried out by 
means of a solution of potassium hydroxide or of sodium 
hydroxide having the concentration 10 - 90%, where 
appropriate 20 - 80%, preferably 30 - 70%, especially 

35 40% - 60%, or via a melt of KOE or of NaOH. 

These alkalis can b pr par d in a simple manner 
in the concentrations required. 

In this context pr vision may be made for the 
etching process to be carried out at an ambient 
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temperature o£ 10^ - GOO'^C, where appropriate of 
100 - 500*^0, pref rably of 200** - 500*»Cr esp cially of 
300**C -SOO^C. 

These azDbient tes^eratures can be generated and 
5 modified by simple means. Such modification enables the 
etching intensity and thus the surface quality desired to 
be influenced in a simple manner* 

Provision may further be made, in ^his context, 
for the etching process to be carried out over a period 
10 of 0.5 s - SO min, where appropriate of 1 s - 30 min# 
preferably of 1 s * 10 min, especially of 5 - 60 s. 

Varying the specified intervals again allows the 
surface quality actually achieved by the etching process 
to be modified in a simple maxmer, thus influencing the 
15 crystal density to be achieved. 

It may be advantageous for the gas phase 
deposition to employ a mixture of hydrogen and 
hydrocarbon, especially a mixture of hydrogen and 
methoine, because this is a particularly efficient carbon 
20 source and is convenient to prepare. 

In this context provision may be made for a gas 
mixture to be used which has a hydrocarbon concentration 
of 0.25 - 2.5 vol%, especially of 0.5 - 1.5 vol%« 

Provision may further be made for the stxbstrate 
25 during the gas phase deposition to be maintained at a 
teioperature of 600 - 950^C, especially at 800 - 900^C. 

Both process conditions favour the build-up of a 
diamond layer according to the invention, in which at 
least 75% of the starting crystals at the boundary layer 
30 substrate /diamond have an average contact area of 
2 20 ptm^ • 

The invention is explained below in more detail 
with the aid of the appended drawings, in which: 

Figure la shows an elevational, sectional view of 
35 a previously known polycrystalline diamond layer on a 
8\ibstrate; 

Figure lb shows an elevational, sectional view of 
a novel polycrystalline diamond layer; 

Figure 2a shows a detail of th diamond layer 



according t Figure la, again in an elevational view and 
d picted as a section; 

Figure 2b shows a detail of a novel diamond layer 
according to Figure lb, in an elevational view and 
5 depicted as a section; 

Figure 3 shows a detail o£ the surface of a 
polycrystalline stabstrate in oblique view* 

The preparation of diamond requires relatively 
complex, time-consuming and therefore expensive 

10 processes. It is therefore particularly important that 
the diamond or diamond layers produced be formed with 
optimum characteristics, so that the cost -intensive 
effort is justified. If an application as a heat 
dissipation element or as part of such an element is 

15 intended, particularly good thermal conductivity in 
conjiinction with minimum layer thickness should therefore 
be achieved by the diamond crystals being grown directly 
on the substrate, the heat dissipation elements' thermal 
conductivity in a direction perpendicular to the 

20 substrate surface being of interest in the preferred 
application fields of these elements. 

The heat transport is effected by phonons which 
propagate particularly effectively within a diamond 
crystal. Wherever two or more crystals adjoin one 

25 another, grain boundaries 2 are present. These grain 
boundaries 2 represent "obstacles" for the phonons and 
thus reduce the thermal conductivity of the diamond 
layer • 

The best thermal conductivity would therefore be 
30 achieved if the entire diamond layer were to consist of 
a single crystal. Such diamonds are quite impossible to 
produce, or only at enormous cost which cannot be 
justified economically, so that in practice it is 
necessary to make do with polycrystalline diamonds. 
35 The growth of such a diamond layer on a substrate 

1 proceeds as follows: starting crystals 3 become 
establish d at substrate surface irr gularities such as, 
in particular, grain boundaries of the substrate. As 
shown in Figure 2a, these crystals undergo shell -wise 
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growth xintil th y abut against one another and form a 
covering layer. Once the said covering layer has been 
achieved, the diamond growth continues in the form of the 
so-called columnar crystals 4, i.e. crystals whose 
5 diameter steadily increases in the direction of growth 
(compare Figure 1) . In this situation, some of the 
starting crystals 3 continue to grow in the form of 
columnar crystals 4, whereas others are "overgrown". Such 
overgrowth results in grain boundaries 2 being formed 

10 between the columnar crystals 4, the orientation of the 
grain boundaries being essentially transverse to the 
propagation direction of the phonons. 

Hitherto it had been thought that the thermal 
conductivity of the entire diamond layer was largely 

15 determined by those regions of the diamond layer which 
contain nothing but columnar crystals 4 and consequently 
almost exclusively grain boundaries 7 which are parallel 
to the heat dissipation direction « To ensure that the 
formation of the said coltimnar crystals 4 will commence 

20 as rapidly as possible, the aim has always been to 
rapidly generate the first covering layer, consisting of 
the starting crystals 3. As shown in Figure la, this was 
achieved in accordance with the prior art by many 
possible attachment sites 5 for starting crystals 3 being 

25 provided on the substrate 1, for example by roughening 
it. At the same time, however, this promotes the 
formation of many columnar crystals 4, of which very many 
will be "overgrown" by adjacent crystals, so that grain 
boundaries 2 which obstruct the movement of phonons in 

30 the direction perpendicular to the substrate surface will 
inevitably be formed. 

According to the invention, the number of the 
grain boundaries 2 which impair thermal conductivity is 
to be reduced by means of even the starting crystals 3, 

35 i«e. the diamond crystals on the interface 
ST2bstrate/diamond being caused to be of relatively large 
size. To express this in concr te numbers, the 
requirement is intended, to be satisfied by virtue of at 
least 75% of the interfac substrate/diamond being 
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covered by diamond crystals which have a contact area 
STibstrat /diamond of z 20 

To determine the magnitudes o£ the contact areas 
sxibstrate /diamond crystals, a portion, selected so as to 
5 be representative, of the interface substrate/diamond of 
100 /m X 100 /xm is chosen and the contact areas 
substrate/diamond of the crystals located thereon are 
determined by planimetry (area measurement) • 

If such starting crystals 3 are formed, this 
10 results in the structure of the diamond layer shown in 
Figure lb, \i^ere large starting crystals 3 have already 
formed, subsequently resulting in large columnar 
crystals 4. 

The diameter or the contact area 

15 substrate/diamond of the individual diamond crystals 
which are arranged in the transition region to the 
substrate (and therefore their density) can be influenced 
systematically by suitable treatment of the substrate 
surface. On an untreated "raw surface" a certain number 

20 of attachment sites 5 are present for the carbon atoms of 
the diamond crystals, and a corresponding number of small 
starting crystals 3 will therefore form. As described 
above, this number was considered too low in the prior 
art and was therefore increased by a physical or 

25 alternatively chemical pre treatment of the stibstrate 2. 

For the purpose of the invention, however, 
exactly the opposite of this is aimed for, namely the 
formation of only a few starting crystals 3. This 
requires a siibstrate siirfaee treatment by virtue of which 

30 the majority of the possible crystallization sites 5 is 
removed auid only selected sites remain. This requirement 
is met by a chemical etching process which can be applied 
both to monocrystalline and to polycrystalline substrate 
materials • 

35 The said etching process is most easily explained 

with reference to Figure 3, a representation of a 
p lycrystalline AIN surface. 

The individual crystals 30 are closely packed 
t gether, forming grain boundaries 31, precisely like 
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diamond crystals. If an etching solution is used which 
prefer ntially attacks the material at these grain 
boundaries 31, crystallization sites 5 can be created 
there, so*called triple points 32, i.e. points where the 
5 botudary faces of three crystals 30 meet, being 
particularly preferred. 

The etching process described can make use of an 
acid or an alkali, preference being given to the use of 
a solution of potassium hydroxide or of sodium hydroxide 

10 having the concentration 10 - 90%, where appropriate 20 - 
80%, preferably 30 - 70%, especially 40% - 60%, or via a 
melt of KOH or of NaOH. 

With the aid of these etching operations, all the 
materials which can be used as a stibstrate, i.e. metal 

15 such as e.g. W, Mo, Cu or the like or alloys from these 
metals or a conposlte material formed from these metals 
and/or their compounds, such as e.g. a W-Cu or a W-Ag 
composite material or an MMC (metal ^matrix-composite) 
material, in particular one whose infiltration metal is 

20 Cu or one which has been reinforced by carbon fibres, can 
be treated In a controlled manner. 

In the context of W and Mo it should be noted, 
however, that the diamond deposition process gives rise 
to a carbide layer on the sxirface of these materials, and 

25 that the actual growth of diamond only commences on this 
carbide layer . 

In the case of MMC cos^osite coioponents, 
especially those which are reinforced with carbide or 
carbon fibre, it is advantageous for the surface on which 

30 the diamond is to grow to be covered with a continuous 
metal covering layer which is preferably albeit not 
necessarily formed from the matrix metal of the conposlte 
material, and for thus the reinforcement material not to 
be allowed to be exposed on the component surface. 

35 Where the said - carbon- or carbide- containing - 

reinforcing material is to b exposed and thus to be open 
to the carbon- containing deposition atmosphere, it would 
be decoB^osed by this atmosphere, with channels intruding 
Into the surface being formed. The diamond deposition 
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would then coiixmence in the interior of th channels, and 
an rm T c ssarily long period would be reqpiired to fill 
these with diamond. 

Further suitable substrate materials other than 
5 those already mentioned include ceramics such as e.g. 
Sic, Si3N4, AI2O3, AIN or the like. 

The etching process taXes place at an ambient 
teji5)eratxire of 10** - 600*^0, where appropriate of 
100 - SOO^C, preferably of 200* - SOO^C, especially of 

10 aOO'^C - SOC^C and is carried out over a period of 
0.5 s - 60 min, where appropriate of 1 s • 30 min, 
preferably of 1 s 10 min# especially of 5 - 60 a. 

The above etching solutions are particularly 
suitable, in combination with the abovementioned etching 

15 tessera tures and times, for the controlled pre trea tmen t 
of AIN substrates. 

Varying one or more process parameters, i.e. 
extending or shortening the etching process, or altering 
the ambient temperature, makes it possible to vary the 

20 total number of the crystallisation sites produced by 
etching, e.g. the triple points 32, and thereby their 
density and eventually the number of starting crystals 3 
^ich are formed. 

The etching operation is followed by the actual 

25 generation of the diamond layer by deposition from the 
gas phase. Various techniques can be used for this 
purpose. The deposition can be effected by a CVD 
(Chemical Vapour Deposition) process, any of the known 
process options, such as hot- filament CVD or plasma CVD 

30 such as e.g. microwave CVD, plasma jet or the like, being 
potentially applicable. A further gas phase deposition 
option is presented by a PVD (Physical Vapour Deposition) 
process, which can likewise be used for preparing a 
diamond layer according to the invention. 

35 With these gas phase deposition processes, the 

material to be applied, which is present in the gaseous 
state in a carrier gas, is pass d over the substrat at 
temperatures of 200 - 2000'*C and is deposited thereon. 

Preference is given, in the process, to the use 
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of hydrogen as the carrier gas and to a hydrocarbon such 
as, in particular » methane as the carbon source* The 
formation of starting crystals of the size according to 
the invention can be promoted by the methane 
concentration being selected in a range of 
0«25 - 2.5 vol%r in particular in a range of 
0.5 - 1.5 vol%. The range of the beneficial substrate 
temperature is between 600 and 950*^0, in particular 
between 600 and 900^0. 

During the deposition process the starting 
crystals 3 grow as shown in Figure 2b, starting from a 
few crystallization sites 5, in the form of large 
crystals of which at least 75% have a contact area 
substrate/diamond of 2 20 §m^, and then merge into 
columnar crystals 4 (compare Figure lb). 

The deposited layer may in principle have amy 
thickness. Xf the diamond layer is used as a heat 
dissipator for electronic cos^onents it is beneficial, 
however, for the diamond layer to be cos^letely 
continuous at the surface (on which the coznponent to be 
cooled is supported) , the columnar crystals which stand 
next to one another like columns therefore already having 
grown coaipletely together, so that heat transfer from the 
component to the diamond layer is ensured over the entire 
area. In this context, layer thicknesses of between 50 
and 500 /un were found to be adequate. A concrete exas^le 
which may be mentioned is that of laser diodes, where a 
thickness of 300 /im is eo^loyed with particular 
preference. The use of larger layer thicknesses is quite 
conceivable and sensible, however, for exascple for use in 
high-performance switching cooponents which lend 
themselves, where necessary, to the switching even of 
pulse* shaped loads • 

For the case of AlK, which lends itself 
particularly well to the deposition of diamond layers as 
described, and of some more of the substrate materials 
specified, concr te treatment procedures are described 
below which have led to the formation of diamond crystals 
of sizes according to the invention (contact area 
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substrate/diamond ss 20 fim^) . 

The results achieved are especially good, in a 
qualitative sense, and in particular are well 
5 reproducible, if the AlK substrate is etched for 10 s in 
a hot, 400 "C, 55% strength KOH solution and the diamond 
layer is then nade to grow by means of a microwave or 
hot- filament CVD process. The carbon -containing gas used 
is a mixture of hydrogen and methane, the methane 
10 concentration being 0.75%; during the deposition process 
the AIN substrate has a tes^erature of 850 ""C. 

g^^i^ ^ f MMC ccflMflPo r^*'^ wi^tieriala) s 

Metal -matrix composite materials which are 
reinforced by particles or fibres can likewise be 

15 successfully pretreated by means of an etching process 
according to the invention. Of particular interest for 
electronics applications in this context are composite 
materials having a high thermal conductivity and low 
expansion. An exaa^le of such a composite material is 

20 copper reinforced with short carbon fibres, improved 
efficacy of the etching process according to the 
invention and above all of the diamond deposition 
following it being achieved in this case, as for all 
carbon- or carbide-reinforced metal -matrix composites, if 

25 the reinforcing material is completely covered with an at 
least thin metal layer. 

In the case of the copper reinforced with short 
carbon fibres, the said copper having a superficial 
continuous covering layer of 0.1 mm copper, etching with 

30 10% strength sulphuric acid at 50 for two hours was the 
first step, followed by thorough rinsing. Etching could 
also be performed quite effectively with mixtures of 
sulphuric acid and nitric acid or alternatively with pure 
nitric acid, although the etching time required is then 

35 very much shorter. For example, aqueous mixtures of 10% 
strength sulphuric acid and 2% strength nitric acid at 
60^*0 produced interesting results after as little as 
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60 seconds. The copper- carbon con^osite materials thus 
pre treated w re th n coated with diamond in a hot- 
£ilament or a microwave CVD process. Particularly 
favourable deposition conditions were £ound to be 
5 produced by substrate temperatures o£ 870 and methane 
concentrations o£ X% in hydrogen. 

ara^T ^ 3 f cooper) ; 

Exaii^le 2 described an MMC composite element 
which is covered superficially with a thin copper layer. 
10 The same treatment steps involving the same process 
parameters therefore apply to the deposition onto a 
copper substrate (without reinforcing material) . 

itrm^im a f^jj^ lvfademim. tuners *--**) * 

Good utility for etching substrates formed from 
molybdenum, tungsten or their alloys was shown by a 
mixture : 

hydrochloric acid (37% strength) : nitric acid 
(65% strength) j hydrofluoric acid (40% strength) 
in a voltame ratio of 2:1:2. 

Duration and toiperature of the treatment are 
within the above -specified ranges, i«e. from seconds to 
minutes and from 10 *C to a few 100 "^C. 

Alternatively, roughly the same results were 
achieved by means of "Murakami etching" . This involved 
10 g of potassium hydroxide being dissolved in 100 ml of 
distilled water, 10 g of potassium ferric cyanide being 
dissolved in 100 ml of distilled water and the two 
solutions being mixed together in a ratio of 1:1. 
Treatment time and temperature corresponded to that of 
the abovementioned acid etching. Diamond deposition as in 
Example 2. 

This material was pretreated by means of a 
mixture of distilled water and 40% strength hydrofluoric 
acid (mixing ratio 1:10) at temperatur s of between SCC 
and SO^'C over a period of from 10 to 60 min. The diamond 
d position was carried out by means of the parameters 



15 



20 



25 



30 



35 



listed in Example 1. 
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a) Etching treatment and deposition process as 
in Exaaple 1 (AlN) 

b) Etching treatment by means of a boiling 
mixture o£ distilled water and phosphoric acid (85% 
strength) in a volxme ratio of 15:85 over a period of 
from 5 to 60 min. Deposition process again as in 
Exasqple 1 (AlH) • 

— ^i-le 7 CSICI t 

Etching treatment by means of a melt of sodium 
bicarbonate or potassium bicarbonate at a temperature of 
900 ^C, duration of between 1 and 60 min; deposition 
process as in Example 1 (AlN) • 
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1. Substrate provided with a polycrystalline diamond 
layer ^ characterized in that the siibstrate (1) comprises: 
a metal such as e.g* W, Mo, Cu or the like or an alloy 

5 from these metals or a composite material formed from 
these metals and/or their coa^ottnds, examples of such a 
cosposite material being a W-Cu or a W-Ag coaqposite 
material or an KMC (metal-matrix-coai^osite) material, in 
particular one whose infiltration metal is Cu or one 

10 which has been reinforced by carbon fibres, or in that 
the substrate is formed by a ceramic such as e.g« SiC, 
Si3N4, AI2O3, AIN or the like, and in that at least 75% of 
the interface substrate/diamond is covered by diamond 
crystals which have a contact area substrate/diamond of 

15 a 20 ixa? • 

2. Process for preparing a substrate (1) provided 
with a polycrystalline diamond layer according to Claim 
1, characterized in that the substrate surface is treated 
and in that the diamond layer is then deposited on the 

20 substrate from the gas phase, e.g. by a CVD process such 
as hot- filament CVD or plasma CVD such as e.g. microwave 
CVD, plasma jet or the like or by a PVD process. 

3. Method according to Claim 2, characterized in 
that if a carbon- or carbide- reinforced MMC material is 

25 used as a sxobstrate (1) , the surface of the said MMC 
material is covered with a covering metal layer, the 
metal layer preferably being formed from the infiltration 
metal itself. 

4* Method according to Claim 2 or 3, characterized 

30 in that the substrate (1) is treated by a chemical 
etching process. 

5. Method according to Claim 4, characterized in 

that the chemical etching process is carried out 
involving the use of an acid or an alkali. 
35 6. M thod according to Claim 5, characterized in 

that the chemical etching process is carried out by means 
of a solution of potassium hydroxide or- of sodium 
hydroxide having the concentration 10 - 90%, where 
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appr priate 20 - 80%, preferably 30 - 70%, especially 40% 
• 60%, or via a aelt of ROH or of NaOH. 

7. Method according to either Claim 5 or 6, 

characterized in that the etching process is carried out 
5 at an aaibient teoveratTire of lO"" - SOO^'C, where 
appropriate of 100 - SOO^C, preferably of 200* - SOO^C, 
especially of 300*C - 500«C. 

8« Method according to any one of Claims 5, 6 or 7, 

characterized in that the etching process is carried out 
10 over a period of 0.5 s - 60 min, where appropriate of 
1 s - 30 min, preferably of 1 s - 10 min, especially of 
5 - 60 s. 

9. Method according to any one of Claims 2 to 8, 
characterized in that the gas phase deposition eioploys a 

15 mixture of hydrogen and hydrocarbon, especially a mixture 
of hydrogen and methane. 

10. Method according to Claim 9, characterized in 
that a gas mixture having a hydrocarbon concentration of 
0.25 - 2.5 vol%, especially of 0.5 - 1.5 vol%, is used. 

20 11. Method according to Claim 9 or 10, characterized 

in that the substrate is maintained at a tearperature of 
600 - 950 ""C, especially at 800 - 900 ""C, during the gas 
phase deposition. 
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